The target strength of walleye pollock (Theragra chalcogramma) at 38 kHz has been determined in each of two ways: ( 1 ) in situ measurement with dual-beam and split-beam echo sounders, and (2) theoretical calculation based on the swimbladder form. Respective probability density functions of target strength are compared. The several estimates of mean target strength (TS) determine the relation TS = 20 log l-66.0, where l is the fish fork length in centimeters.
INTRODUCTION
The walleye pollock fishery is one of the world's largest.
• The annual catch is about 6%-8% of the world's catch.
Total estimated biomass on the eastern Bering Sea shelf and slope has ranged from 7 to 11 million tons in recent years. 2'3 Of this, over 50 percent is estimated to be in midwater.
A key ingredient in the conventional echo integration method of determining fish density absolutely is the fish backscattering cross section or target strength (TS).4 An error in this quantity will have a first-order effect on the estimate of fish density. 5'6
The target strength of walleye pollock has a significant history of measurement. 7'8 However, both the situation-dependent nature of the quantity 9 and recent developments in calibration, acoustic instrumentation, and theoretical modeling argue for a new examination.
In this study, the target strength of walleye pollock has been determined by (1) measurement with dual-beam and split-beam echo sounders, •ø-•3 and (2) calculation based on mappings of the swimbladder form. TM The results are examined for both internal consistency and consistency with other determinations of gadoid target strengths. The possibility of using calculations in conjunction with direct in situ measurements to determine fish behavior is also considered.
I. MATERIALS AND METHODS

A. In situ measurements
The acoustic measurements and associated midwater trawl catch data of walleye pollock were obtained from a suitable aggregation of walleye pollock in the eastern Bering Sea (Fig. 1 ) on 1-2 August 1985. The procedures for data collection and analysis have been fully described by Traynor and Ehrenberg.
•5 Some details are quoted here.
Acoustic system
The echo sounding system is a versatile system that provides appropriate signals for echo integration, as well as dual-beam and split-beam target strength analyses (Fig. 2) . The transmitter uses a 5-kW pulse amplifier (Instruments, Inc. model SPG-4B). The receiving system is a prototype instrument constructed by Biosonics, Inc. The transducer (Fig. 3 ) was modified from a dual-beam transducer and is constructed using 79 individual ceramic elements, each approximately 13 mm in diameter. All elements are used during pulse transmission, while the elements are separated into five receiving segments. The center seven elements are separated to provide the signal for the wide beam of the dualbeam system. The remaining 72 elements are separated to form the four quadrants, consisting of 18 elements each, used to produce the split-beam signals. Five transmit/receive switches, housed in the transducer, are used to protect the receiving circuitry during pulse transmission. On reception, the signal from each transducer segment is amplified by a preamplifier in the transducer and relayed on separate conductors through the cable to the receiving hardware. Here, the segments are combined, prior to time-varied-gain (TVG) control, to form four half-beams for split-beam analysis and a sum beam. The sum-beam signal, used for both echo integration and target strength analyses, is provided to separate receiving circuits with appropriate TVG functions. System specifications are as follows: frequency, 38 kHz, nominal pulse duration, 0.6 ms, bandpass filter width to --3-dB points, 4.5 kHz, narrow/wide beamwidths to --3-dB points, 6/25 deg, and source level, 218 dB re: 1 pPa.
Dual-beam target strength measurement and echo integration measurements are completed using a Hewlett-Packard 1000- The split-beam phase measurement is accomplished using a prototype split-beam digital processor (SBDP) manufactured by Biosonics, Inc. The SBDP has been described by Hsieh.
•? The processor has, as hardware inputs, the synchronization pulse for the system and the outputs of the four halfbeam receivers, namely, A + B, C + D, A + C, and B + D (Fig. 3) , heterodyned to 10 kHz, and the detected sum beam, all with 40 log r -F 2ar TVG control. Operator inputs include sum-beam noise threshold, half-amplitude echo width acceptance window, and depth range to be analyzed.
Calibration of the acoustic system
Before and after each cruise, the system is calibrated using a standard technique to estimate the transmitting and The overall system calibration is accomplished by means of a standard target. •9 This is described in the following section.
Data collection procedures
Initial tests of the echo sounding system were carried out from the chartered fishing vessel F/V MORNING STAR in July and August 1985 during a combined echo integration and midwater trawl survey of the eastern Bering Sea. On 24 July 1985, a calibration of the system was performed using a standard calibration sphere in Makushin Bay, on Unalaska Island, Alaska (Fig. 1 For all target strength analyses, namely, fish and standard target measurements, the single target acceptance criterion was half-amplitude echo width. Because of differences between the dual-beam and split-beam techniques in ( 1 ) the location of sampling points and sampling frequency, and (2) the manner of effecting the echo width measurement algorithm, some targets were accepted using one technique and rejected using the other. This was especially true for small echoes, the waveforms of which are most affected by noise. In addition, for both the dual-beam and split-beam processors, if analysis is not completed by the time the next sync pulse occurs, the new ping is ignored. For the comparisons presented in this article, only targets that were accepted by both systems were included for analysis. For both systems, the beam pattern threshold was set to -3 dB and the noise threshold was set to twice the rms noise level. The echo width acceptance window was 0.4-0.8 ms. Of the 31 specimens available at the outset, one was sacrificed in learning where to trim the fish prior to encasement. Fourteen of the remaining 30 specimens were found to have intact swimbladders, but 5 of these were greatly distended and showed signs of internal bleeding, and, hence, were rejected, leaving a final sample size of 9. Some gross dimensions of these are shown in Table I . With the exception of the neglected first specimen, the masses were measured just prior to the morphometry and, hence, are probably slightly less than at the time of catching owing to the drying effect of cold storage.
To further assess the quality of the data, the buoyancy was estimated in the usual fashion 23'24 through the ratio of • is the unit normal to dS at r, and •(x) is the Heaviside 
01 , --0XSma x = ( 01 --0tSma x ) 1/1 ', i = 1,2,...,n) and ( gi, i = 1,2,...,n) There is less similarity between the measured pdf's and the theoretical pdf's than between the two measured pdf's. Nonetheless, there is a distinct correspondence. This is witnessed by the correlation coefficients in Table II , which vary from 0.800 to 0.900. The theoretical averages are consistently lower than the measured averages, but not to any great extent. That is, the theoretical and measured averages are quite similar and may not be significantly different. Computational results based on length distributions of two trawl hauls and assumptions of normal distributions of tilt angle 0, including   correlation coefficients of corresponding TS pdf's and averages of the observed dual-beam and split-beam This observation is reinforced by the merest consideration of representativity. First, trawl haul 1 was performed at 1920 h local time on 1 August, while the acoustic data in sample 1 were collected at 0030 h on 2 August, that is, 5 h later. Also, trawl haul 2 was performed at 0240 h on 2 August, and the acoustic data in sample 2 were collected at 0400 h. Thus there may be a question as to whether the surveyed fish had the same length distribution as those present during the trawl. Second, if this were the case, the problem of trawl selectivity must still be addressed. 27-3ø In the present case of 
